CHARACTERIZATION OF
NEW BIOMIMETIC MATERIALS
USING NEUTRON REFLECTIVITY

AII cells are enclosed by a biological membrane, consistin

its boundaries and regulates its interactions with the environmg
The lipid molecules form a continuous double layer, or bilayer,
which acts as a barrier to water-soluble molecules and provide
the framework for the incorporation of the protein molecules.
Specialized proteins embedded in lipid bilayers participate in
fusion events between celise(, triggered by viruses), regulate
ion transport through pores and channits, fieural activities),
engage in enzymatic activity at membrane surfaces, and play
role in biological signalingif., receptor proteins activated by
hormones). Cell membranes are sufficiently complicated that t
cannot be duplicated in the laboratory for study. Thus, model b A ,\‘
logical membranes, which are simpler than cell membranes bu .-,f ,n\ \
mimic their structure and function, are used to study these corri \\
pllcated systems Such model membranes are known as bio- .
mimetic mterial, hich emuiate bioogical funcion such as FEREL Hembers it e eaeinenisarp s eleomoe o
molecular recognition, dynamic conformational change and SpcN. F. Berk and C. F. Majkrzak.
taneous self-assembly of complex arrays of molecules.
A biomimetic material which is analogous to the lipid which binds only weakly to a silicon or glass surface. In addition
membranes of cells and can support active membrane proteingo their obvious importance as a tool for understanding and
has been made in NIST’s Biotechnology Division [1]. This characterizing membrane protein structure and function, the bio-
hybrid bilayer membrane (HBM), which is illustrated in Fig. 1, mimetic characteristics of the HBMs make them commercially
consists of two self-assembling monolayers, one which is non-significant for a number of applications including biosensors,
biological (alkanethiol) and a second which can be found in bidissue engineering, and bioelectronics and biocatalysis. The lipid
logical cell membranes (phospholipid). This system is formed and protein composition of the HBM can be readily engineered
spontaneously on a planar gold surface. Since the alkanethiol to produce structures with novel physical and chemical properties
monolayer is strongly bonded to the gold surface, this HBM is that do not occur in nature.
more rugged than a conventional supported phospholipid bilayer, ~ The development of measurement tools for probing the
structure and function of these engineered membranes and the
cell membrane components incorporated into them is essential
for the optimization of their biomimetic character. To this end,
the neutron reflectivity technique is being used to assist in the
structural characterization of HBMs which are in contact with
water. Suchn situmeasurements are only possible because
neutrons interact weakly with materials, in contrast to electro-
magnetic probes such as light, x-rays and electrons. Thus, the
planar substrate can be used as the incident medium, allowing the
] ] o phospholipid side of the HBM to be in full contact with water, as
FIGURE 1. The ethyleneoxide-alkanethiol/phospholipid o . L
hybrid bilayer membrane (HBM). it is in its native state. The neutron reflectivity measurements are
being made on the NG1 reflectometer at the NCNR, shown in
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Fig. 2. Advancements in ingimention, sample evironment
and meas@ment potocols nav male it possile to obtain
Angstrom-level informaion about the composition of HBMs
along the axis peendicular to the plane of the merabe

The esults fom recent neutin reflectivity measuements
of HBMs in weter ae shavn in FHg.3. The HBMs vere formed
on single cystal silicon subsétes,which had been cded with
~ 50A of gold on a ~ 15A bromium adhesion iger, and vere
measued in contact with ater. The neuton scétering length
density (SLD) pofile shavn in Fg. 3 was obtained yofitting the
reflectivity data using the model-ingendentitting program,
PBS [2]. Since the newn scétering length density of e&c
element in the bilger dgpends upon itshemical composition,
the SLD pofile is essentiall a ma of the bilger stucture in the
plane pependicular to thiaof the membane geneally defned as
the Z diection.The silicon substte is @ Z = 0 ky deinition.
The locdions of the gld layer, the alkanethiol monojeer and
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FIGURE 3. A representative neutron scattering length density profile
for a hybrid bilayer membrane. The location of the silicon substrate is
defined as Z = 0. The corresponding neutron reflectivity data are
shown in the inset.
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the phospholipid monojer reldive to the substte can be eagil
distinguished in the SLD pfile.

Neuton reflectivity measuements hee also been mage
for the frst time on HBMs in the pesence of the merndme
protein, melittin, a reldively small pgtide toin the is found in
bee enom.Although melittin is an impdant model compound
for pore-forming peptides sub as antibioticsits exact locdion in
the membane is not knan. The stucture of HBMs in the
absence and psence of melittin v can be diectly compaed
and questionshout hav degly melittin penetates into the bi
layer, and whether melittin &rms poes tha allow water into the
bilayer, can be adressed

Most recenty, neution reflectivity has been used to stud
the stucture of a neel HBM marix consisting of an etenex-
ide-containing alkanethiol mongler and a phospholipid mono
layer. The etlylenexide moiety tethezd to the gld surfice vas
intended to act as a looggladed “spacer”,allowing water to
penetate into the egion near the gld surfice thus poviding a
suiteble ervironment ér the incoporation of transmemtane
proteins. Havever, the neuton reflectivity measuements povid-
ed diect eidence thathe etlylenexide region contains no
water. Futhemore, the eflectivity measuements corifmed tha
melittin does not alter the menalnre stucture in a vay tha
would allov water into this egion. These impdant esults hae
led to the deelopment of ne HBMs, which mote dosely mimic
biological membanes and &rcgéble of suppating transmem
brane poteins.
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